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(With Plates xxvi.-xxxi.; and cleven Text-figures.) 


The observations recorded in the following paper were commenced during 
September (Spring) 1916 and continued with some interruptions until June. 
Ip 

lt is the aim of the writer to give an aceount of the nature of the tidal flats 
and their vegetation, in the neighbourhood of Sydney, and more especially, to 
deseribe a series of changes whieh have taken place. during the past five years. 
at Cabbage Tree Creek. Port Hacking. 

The writer's thanks are due to Professor T. G. B. Osborn, University of 
Adelaide, for much helpful discussion throughout the course of the work, and 
to Mr. J. Ti. Maiden, F.R.S.. Director of the Botanic Gardens, Svdnev, who 
kindly gave her access to the National Herbarium. To Mr. A. A. Hamilton, 
the writer is indebted for assistance in identifieation of the varions species 
colleeted. 


PHYSIOGRAPHIC FEATURES OF THE COAST NEAR SYDNEY. 


The coastal strip in the neighhourheod of Sydney shows many features of 
inarked physiveraphie interest. It is characterised by striking. mneh branched 
inlets. in whieh, for the most part, deep water is found close np to the rocky 
shores. Woolnough says of these “. .. . they owe their existence to the sub- 
mergence of a partialiv dissected platean”; also, “At the close ot the latest eyele 
of erosion there was a general snhsidenee amounting to at least 400 feet in the 
central portion of the area. [referring to the coast of New Sonth Wales.) This 
caused the ‘drowning? of the valleys of the coastal rivers, and the conversion of 
these drowned valleys into magnificent harbours” (Jose, Taylor and Woolnough, 
ieee. 131). 

Port Jackson, Botany Bay and Port Hacking. which come within the 
seope of the present work. all represent drowned river valleys with eomplex 
outline (Pext-fig. 1). The reeks onteropping on the shores of these inlets, ana 


*This investigation was commenced in 1916 while the writer held a Science Research 
Scholarship in the University of Sydney. 
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for some distanee inland, are chiefly Triassie sandstones of the Hawkesbury 
Series whieh yield upon denudation a coarse yellow sand. 

Since no important rivers flow to the sea in this region, the so-ealled 
Parramatta and Lane Cove Rivers merely being arms of Fort Jaekson, and 
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Text fig. 1. Map of coast of New South Wales between Port Jackson and Port 
Hacking showing the nature of the drowned river valleys, and the sheltered 
arms and bays in which mangrove and saltmarsh occur. 


George's River (Botany Bay) and Port Hacking River (Port Haeking) being 
insignificant streams, silt and detritus are not earried out to sea, but tend to 
be deposited in sheltered arms and bays. 

That there has been comparatively reeent subsidence on the coast near 
Sydney is evideneed in the fact that a bore sunk in the mud at Narrabeen 
lagoon (north of Port Jackson) diselosed at a depth of over 50 feet layers of 
Peaty soil containing Casuarina cones, and remains of other Xerophytes which 
now oeeupy the sandstone country surrounding the iagoon (David and Halligan, 
E08 p son. 

This reeent subsidence, together with the physiographic features mentioned 
above, possibly aceounts for the non-existence of suelh extensive areas of tidal 
flats as are found in other parts of the world (Ganong, 1903; Harshberger, 
1909; Carey and Oliver, 1918); unless the acenmulation of silt were sufiiciently 
rapid to keep pace with and overeome the effects of gradual subsidenee, the 
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formation of mud flats and their colonisation by plant and animal life, would 
necessarily be postponed until a condition of equilibrium had been attained. 
Once the bank of muddy silt is raised above low tide level. seedlings of ilricennia 
officinalis Linn. (Austrahan Grey Mangrove) establish themselves. and aid in 
the building up of a mud flat. The mud is generally black and of a coarse. 
sandy nature, punctured at frequent intervals by crab-holes (see Hedley, 1915. 
p- 46) and becoming foetid from the decay of various Algae, shellfish and drift 
material. These play an important part in providing humns and in aiding the 
building up of the flats. 


THE VEGETATION OF THE TipaL FLATS. 


The tidal lands which come within the scope of the present paper are to 
be found chiefly in the upper reaches of the Iron Cove, Parramatta River. Lane 
Cove River, and Middle Hlarbonr—all arms of Port Jackson; along the banks 
of Cooks and George’s Rivers flowing into Botany Bay. and in the sheltered 
arms of Port Hacking. The area ranges from 33° 50° to 34° 5°. S. Lat. and 
extends trom Port Jackson south of Sydney for a distance of about sixteen 
miles (Text-fig. 1). 

The area in Port Hacking to which the writer has given special attention 
is that of Cabbage Tree Creek, where an interesting series of changes is taking 
place. owing to the raising of the level of the saltmarsh by wind-blown sand. 





Previous Investigations. 


Extra-tropical mangrove and saltmarsh vegetation in Australia has been 
dealt with by but tew writers. In his description of tidal woodland, Schimper 
(1903, p. 409) records the occurrence of the mangroves utvicennia officinalis 
Linn. (Verbenaceae) and legiceras majus Gaertn. (Myrsinaceae) on the coast 
of New South Wales. This record is briefly descriptive and deals with the 
nature of the viviparons seedlings in the two genera (p. 400). 

Hedley (1915, pp. 44-46) records the same species for Port Jaekson and 
gives Wilson’s Promontory in Victoria as the most southerly station in Australia 
for Avicennia officinalis. 

In a preliminary account of the coastal vegetation near Adelaide, Osborn 
(1914, pp. 584-586) records Avicennia officinalis as the only mangrove present. 
This writer also refers to the presence of Suaeda maritima” mingling with the 
mangrove on its shoreward side. Salicornia swamps (with Salicornia australis 
Soland. and S. arbuscula R. Br.) whieh are only subjected to occasional tidal 
inundation, are found on the shoreward side of the mangrove. Zonation is 
recorded in these swamps, the zones being as follows: “(1) Salicornia; (2) 
Salicornia and Samolus repens, (3) Samolus repens and Sporobolus virginicus; 
(4) Sporobolus, Spergularia, ete.” 

Western Australian extra-tropieal mangrove has been dealt with by Dr. C. 
II. Ostenfeld (1918, pp. 1-12). This writer recognises three shore line forma- 
tions on the eoast of Western Australia, south of the Tropic. 

1, Manarove FORMATION. 
2. Sanpy SEA SHORE FORMATION. 
3. Sart Pan Formation. 


*Sec reference to Paulsen below. 


+Recent investigations hy Black (1919) into South Australian Sa/rcornzeae point to 
the plant hitherto known as Su/scornta arbuscula being in reality r/hrocuemum arbuscula. 
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Aviecnnia officinalis is recorded as being the only woody plant in Western 
Australian mangrove formation south of the Tropie. 

Ostenfeld refers to the mingling of the succulent halopyte Suaeda with 
mangrove at its higher levels. Panlsen’s work on Wester Australian Cheno- 
podiaccae points to this being a new species, viz., Suaeda australis (1918, p. 65). 
The absence of other plants amongst the mangrove is attributed to the great 
foree of the tides which reach a velocity of ten to twelve knots in places 
(Ostenfeld, 1918, p. 8). 

In the salt pan formation, Ostenfeld deseribes the plant covering as being 
ehiefly cushion forming Chenopodiaceae, species of Arthrocnemum, also Sali- 
cornia australis and Samolus junceus R. Br., ete. (Ostenfeld, 1918, Pl. 1, 2.) 

In a recent paper on saltmarsh vegetation in the Port Jackson district, 
N.S.W., Hamilton (1919, p. 470) refers to three plant formations in the loeal 
estuarine flora. These are: 

1. The TipE-FLOODED Zone, with utricennia officinalis and Salicornia aus- 
tralis as dominants. 

The Dry Sart Ptax, with sparse vegetation and seattered detritus 

mounds. 

3. The FLUVIAL ZONE, separated from the former hy a band of Casuarina 
glauca Sich. (the Swamp Oak), and marking the eneroachment of fresh 
water conditions upon braekish and saline. 
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BOTANICAL FEATURES OF A TYPICAL TIDAL MARSH NEAR SYDNEY. 


The vegetation of a typical tidal marsh in the neighbourhood of Sydney, 
is made up of two plant formations :— 

1. An outer TrpaL WOODLAND or MANGROVE FORMATION. (PL xvi 

Photos 

2. An inner SaLTMARSH FORMATION. 

In mangrove formation, there can he reeoguised but one plant association, 
comprising Aricennia officinalis and <Aegiceras majus, while in saltmarsh for- 
mation there are generally two distinet assoeiations, the outer in which Salicornia 
australis and Suaeda australis* are usually co-dominants, and an inner, which 
marks the landward boundary of the marsh, is an almost closed assoeiation of 
the rnsh Juncus maritimus Lam. 


Pioneer Phase of a typical tidal Marsh. 


In the pioneer phase, the typical tidal marshes around Sydney are colonised 
by viviparous seedlings of Avicennia officinalis drifted up by the tides. The 
seedlings are provided with a pair of large fleshy cotyledons, surmounting a 
short, blunt hypoeotyl (Text-figs. 2-4). They establish themselves readily, or 
are bound down by mats of the Alga Cladophora until the first roots have made 
their appearance. ctriceunia grows on the outermost limits of the formation. 
It reaches a height of from fifteen to thirty feet and presents a striking ap- 
pearance owing to the varying angles at which the trunks are bent to the fore- 
shore (Pl xxvii, Photo 2) and to the countless asparagoid pneumatophores 
whieh project vertically out of the mud (Pl. xxvi. Photo 3). These pneumato- 





* Ove Paulsen's work on Chenopodiaceae (1918, pp. 55-66) indicates that the species of 
Suaeda ia Australia hitherto known as S, maritima should be known as S, aus/ra/is R.Br. 
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phores spring from long horizontal roots whieh radiate from the base of the 
tree, and are fo be found at no great depth below the surface of the mud (Text- 
g. 5, and Pl. xxix., Photo 8). This horizontal growth of the root system of 
Avicennia helps to eonsohdate the mnd and prepare it tor later colonisers. 





Text figs. 2-4. Viviparous seedlings of Avicennia officinalis. 


to 


Attached to parent plant and still enclosed within pericarp. 3. After rupture 
of pericarp and showing establishment of seedling on mud; note circlet 
of hairs at base of hypocotyl and first roots projecting. 4. Later stage 
of establishment, where numerous roots have developed at base of hypo 
cotyl and are taking up horizontal position on mud. 


Aegicerus majus is by no means as constant a feature of mangrove forma- 
tion near Sydney as is Avicennia officinalis, The former apparently reaches its 
southernmost limits on the eoast of New South Wales, possibly at Cabbage Tree 
Creek, Port Hacking, to be deseribed later. ctegiceras oeeupies the innermost 
limits of mangrove formation and is in striking contrast to cLricennia officinalis 
(Plate xxvii., Photo 4). It grows erect, and is, at most, a tall shrub (Pl. xxviii., 
Photo 5). Its average height near Sydney is about six feet. Jis glossy green 
foliage stands out vividly against the grey-green of cleieennia, as do also its 
red, tannin-bearing branches against the ashy grey, hehen-coated trunks of 
ctricennia. The Jeaves of stegiceras majus. are remarkable in early morning for 
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their coating of glistening salt erystals which are seereted by 
glands (Solereder, 1908, 510). During the day, this fine layer 
away by on-shore breezes. 


special complex 
of salt is swept 





Text-fig 5. Pneumatophores of Avicennia officinalis showing 
relationship to the general root system. 


The root system of Aegiceras docs not extend for such great distances from 
the plant as does that of Avicennia. The roots possess no special pneumato- 
phores but oeeasionally run for a short distance over the surtaee of the mud, or 
rarely, are raised into knec-like projections (Text-fig. 6). In this utegiceras 
more closely resembles eertain tropical mangroves, e.g. Bruguiera (Sehimper, 





Text-fig. 6. Part of root system of Aegiceras majus showing knee-like projections 
above mud level. 
4 


1903, p. 401). A special air-storing tissue is developed in the roots, eonneecting 
with large pneumathodes. 

Of the viviparous seedlings of Aegiceras, Schimper says (1903, p. 400) 
“The seedlings of Aegiceras are curved like horns, and are smaller than those of 


the Rhizophoraceae; they remain enelosed in the thin pericarp of the fruit.” 
(See Fl. xxvin., Photo 6 of this paper). 
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The writer has observed various stages in the emergenee and establishment 
of the young seedling of Aegiceras. The seedling drops to the mud, still cen- 
closed within the thin brown pericarp of the fruit. It is not in sueh an ad- 
vaneed state as that of Avicennia. The hypocotyl] is prononneed, green in colour 
and eurved at the end from which the radicle is destined to develop. A pair of 
smal] green cotyledons are just discernible at the tip of the hypocotyl After 
a time the pericarp splits and the enrved portion of the hypoeotyl elongates 
towards the mud (Text-figs. 7-9). The hypoeoty! continues to grow and at 
length a thin eolourless primary root penetrates the mud, from which secondary 
roots are given off later. In the meantime the periearp has split again to 


10 





Text figs. 7-10. Various stages in the establishment of the viviparous seedling of 


Alegiceras majus. 
e 


allow the eseape of the eotyledonary region and the plumule. The seedling 
beeomes erect and the short epicoty) and first true leaves make their appearance 
the only trace of the original curvature of seedling being found where the root 
enters the mud. With the elongation of the seedling, the pericarp is earried 
some distance above the mud (Text-fix. 10), but after a time it deeays and drops 
to the ground. 
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The development of saltmarsh ecommenees almost simultaneously with that 
ef mangrove. Here Salicornia australis Soland. is the pioneer plant and often 
establishes itself to the exelusion of other speeies. In parts of the George’s 
River and Botany Bay large areas are oeenpied by pure Salicornietum (Hedley. 
T915; p. 46), 

It is more generally found, however, that Suaeda australis follows Salicornia 
closely and beeomes a co-dominant with the latter in the initial stages of Salt- 
marsh.. 

In order to understand the eonditions which exist on the majority of tidal 
flats near Sydney, it is neeessary to stndy the vegetation over a continnons 
period of time. It is only thus that developmental phases may be recognised 
and the true limits of the assoeiation established. The writer recognises two 
plant associations in salt marsh formation near Sydney :— 

(i) An outer mixed saltmarsh association eorresponding to the “mixed 
salting” of British investigators (Carey and Oliver, 1918; Tansley, 1911). Since 
Salicornia australis is the dominant species here, the writer will refer to this as- 
sociation as Salicornietum. 

(11.) An inner almost pnre association of Juncus maritimus whieh usually 
marks the boundary between the marsh and land flora—the Juncetum. 





1. Saticurnietunr. 


On young Salicornia assoeiation it is possible to reeognise at least three 
developmental phases or assoeies in Clement's sense (1916, p. 136). These 
appear to be associated with slight differences in level and are present as zoned 
bands whieh show a eertain amount of overlapping. The lowest of these, whieh 
abuts on the mangrove formation is the (a) Salicornia-Suaeda assoeles, eharae- 
terised by Salicornia australis Soland. and Suaeda australis R. Br. These low 
sucenlent shrubs are inundated by all tides and together with the pnenmatophores 
of stvicennia officinalis play an important part in the building up of the marsh 
by aeting as retainers of silt. (b). Ata slightly higher level is an assovies in 
whieh Salicornia and Spergularia rubra are developed equally with a number of 
low spreading perennial halophytes. The plants of this assoeies arranged in 
order of dominance are:—(i.) Salicornia australis Soland. (ii.) Spergularia 
rubra Camb, (in.) Suaeda australis R. Br. (iv.) Samolus repens R. Br, (v.) 
Mesembryanthemum tegens F. v. M. (vi.) Tetragonia werpansa Murr. (vii.) 
Atriplex patula L. (Introdueed) (viii.) Wilsonia Baekhousti Hook. 

(c). Sporobolus-Cynodon associes whieh oeeupies a margina} position 
within the assoeiation and is of sward-like physiognomy (PI. xxviii., Photo 7). The 
ehief constituents are Sporobolus virginicus Humb. and Kunth., Cynodon dactylon 
Rieh. and Zoysia pungens Willd., but as there is no strong line of demareation 
between these latter associes, partieularly where the slope is gradual, there is 
often a profuse mingling of perennial halophytes with the above-mentioned 
grasses. That these are developmental phases of the matnre Salicornia associa- 
tion is shown clearly in old saltmarshes, where the level has been raised by silt 
aeeretion and a fairly uniform surfaee prevails. Here a mixed assoeiation of 
annnal and perennial halophytes is found oeenpying the whole area between the 
inner Juncetum and the onter mangrove formation. In this mixed meadow-like 
assoeiation. Salicornia and Suaeda are predominant on the outer margin, since 
here seedlings have a better ehanee of establishing themselves. Where bare 
patehes are found in this assoeiation owing to destruction of underlying vege- 
tation by deeaying detritus, algal mats, and the like (Harshberger, 1916) the 
pioneer eolonist Salicornia is not slow in making its appearanee. Thus, in 
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miniature, the history of the assoeiation repeats itself. The groups described 
above cannot be regarded as separate associations since they are all found 
mingling freely on old marshes where a fairly uniform surfaee level has been 
attained. Thus the term ‘Zonation” is not used in the same sense as hy Yapp 
(1917, p. 68) in his description of the zoned vegetation of the marshes of the 
Dovey Estuary in Wales. 


it. Juncetum Maritim. 


The inner association of Saltmarsh formation near Sydney is of interest 
since it generally marks the landward boundary. It is often a pure assoelation 
of Juncus maritimus Lam., but as Hamilton has shown, further species of Juncus 
(1919, pp. 480-482) and Cladium junceum (1919, p. 480) are often found. An 
interesting feature of this association is the presence in it of the “swamp oak” 
Casuarina glauca Sieb. These trees are generally found lining the banks of the 
marsh on the extreme outer limits of the Juncetum but occasionally they oeeur 
in local patches of shghtly higher level within the assoetation (PI. xxxi., Photo 
13). From superficial observation it is apparent that in the saltmarshes around 
Sydney differenees in level, and eonsequently in drainage, play a large part in 
the delimitation of the plant associations. This should net form the subject of 
any generalisation, however, until eareful mud analyses have been made and the 
results eompared for different Joealities. 


CABBAGE TREE CREEK, Port HACKING. 


Cabbage Tree Creek is a small stream entering Port Hacking on its southern 
side, at a distance of about two miles from the sea. The shore between the 
month of the ereek and Port Haeking Point is indented by narrow sandy beaehes 
of varving length (See Text-fig. 1). In a north-easterly direetion from the 
Creek is Cronulla Beach, backed by high mobile sand dunes whieh extend aeross 
to Botany Bay. The entrance to Cabbage Tree Creek is partly blocked at low 
tide by sand spits and shoals (Text-fig 11). The larger sand spit projects from 
the southern shore and resembles in miniature, the sand bars whieh form a 
eharacteristie feature of the lagoons sueh as Deewhy, Narrabeen, ete., north of 
Port Jaekson (Jose, Taylor and Woolnough, 1911, p. 136). 

The main body of the ereek may be divided into two parts, the upper fresh- 
water to brackish region whieh runs between gradually aseending sandstone 
slopes, and a lower, wider, basin-like region in which the water is distinetly 
saline. The southern shore of this lower portion of the creek is markedly eon- 
eave. and it is here that an extensive tidal marsh has developed. Storm waters 
entering the ereek are sufficient to keep the central channel clear, but sinee the 
ereek narrows when nearing the mouth, its load of silt and detritus tends to he 
deposited upon the eoncave southern shore. 

When the writer first visited Cabbage Tree Creek in 1916. a short strip of 
sandy beach abutted on the southern side of the ereek entrance. At the point 
where this sandy heach reached the outlying mangrove at the mouth of the 
ereck, young plants of Avicennia officinalis linn. and Aegiceras majus Gaertn. 
were already showing signs of burial in drift sand. On the beaeh itself were 
recognisable two distinct zones, the strand, with elumps of Salsola Kali Linn. a 
little above high tide level. and small transitory hummoeks occupied by Senecio 
lautus Soland. The seeond zone, that of larger hummoeks or embryonie dunes, 
was characterised by an assoeiation of sueh plants as Mesembryanthemum 
aequilate-ale Haw., Scacvola suaveolens R. Br., Senecio lautus Soland., Spinifer 
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hirsutus Labill., ete. Behind, the beach passed into stable or fixed dune region 
characterised by selerophyllous scrub with Acacia armata R. Br., Leucopogon 
richei R. Br., ete. At the present day the beach shows a eompletely altered 
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Text-fig. 11. Map of Cabbage Tree Creek, Port Hacking, 
with diagrammatic representation of vegetation. 


N.B. The vegetation symbols for Juncetum and mixed 
Saltmarsh used in this map, are those put forth by Dr. 
Salisbury (1920, p. 61). The symbol for mangrove is used 
only tentatively by the writer and is based upon the 
structure of the viviparous seedling. 


appearanee. A few seattered seedlings of Salsola Kali are establishing them- 
selves upon the strand, but all that remains of the mobile dune zone are the 
decaying trails of Spinifexr hirsutus, exposed by the aetion of the wind. Areas 


386 MANGROVE AND SALTMARSH VEGETATION NEAR SYDNEY, N.S.W., 


ocenpied by mats of Scaevola suaveolens, over 6 feet in diameter, have ceased 
to exist. 

The alteration of the vegetation covering this beach, suggests that the 
piling up of sand against the mangrove at the entrance to Cabbage Tree Creek 
is due to the aetivity ef southerly gales rather than to the continuous and 
milder action of the prevailing north-easterly winds. (See Jose, ete., 1911, p. 
136). It is possible. however, that the north-easterly winds carry a load of 
sand from the dunes behind Cronulla Beach and that a certain amount of this 
finds its way to the marshes at Cabbage Tree Creek. 

The chief points of interest at Cabbage Tree Creek, at the present day, are 
the raising of the level of the tidal marsh by drift sand deposited on the sur- 
fave of the mud, and the gradual blocking of the creek entranee by sand spits 
and shoals. The effeet of both these changes is to lessen the amount of tidal 
inundation and to bring abont alteration in the physical properties of the soil. 

At the present day the tidal marsh at Cabbage Tree Creek presents a 
vomplex problem for solution. There does not appear to be any marked de- 
finition between mangrove and saltmarsh formations, and within the saltmarsh 
it is diffienlt to define the bonndaries of the plant assoeiations. 

As on the marshes near Sydney, the outermost formation at Cabbage Tree 
Creek is mangrove in which Avicennia officinalis and Aegiceras majus are the 
only species. At the entrance to the Creek Avicennia and Aegiceras are being 
buried in drift sand (Pl. xxix., Photo 9). The area between the low tide level 
and the shore is oeenpied by saltmarsh which shows some striking differences 
from saltmarsh at Port Jaekson. An interesting feature is the oceurrence, 
throughout the saltmarsh, of gronps of Avicennia officinalis. The innermost 
of these are only reached by the highest tides and may be regarded as being 
stranded. Their position in isolated areas within a newer formation is com- 
parable with certain geological formations known as “inliers.”” These man- 
grove “inliers” indieate that rise in level of the mud surface has brought about 
ihe imposing of saltmarsh flora upon what was onee entirely mangrove (Text- 
Poul] and. FEl. xxxi., Photo 10). 

Extensive areas at Cabbage Tree Creek are populated by dwarf Avieennia, 
(Pl. xxx. Photo 12) in whieh the main trunk is shortened and averages abont 
one foot in height. The lateral branches are given oft trom this stocky trunk 
and take up a position parallel to the ground (PI. xxx. Photo 11). Iamilton 
(1919, p. 470) reeords dwarf Avicennia at Womebush Bay, on the Parramatta 
River, and attributes their diminished form to dilution of tidal waters hy fresh 
water from the inland drainage channels. 

Warming (1909, p. 25) refers to the effeet of temperature and the length of 
the vegetative season upon the external morphology of plants. He points 
out that dwarf forms oeeur when the vegetative season is short and the tem- 
perature low, as in aretie regions, or where high temperatures are combined 
with low water supply. Until a speeial investigation has been made of soil and 
temperature relations. the writer is not in a position to offer any reason for the 
eeeurrence near Sydney of localised areas of dwarf-Avicennia. It is suffieient 
for the present te say that the writer regards this as a definite growth-form 
and in no way comparable with the general lowering of stature observed in 
mangroves as they oecnr farther from the tropies (Schimper, 1903, p. 409). 

In 1916 the saltmarsh at Cabbage Tree Creek, Port lacking, had passed 
through its pioneer phase, Salicornia australis and Suaeda australis being in 
full occupation of the mud immediately behind the mangrove, and in places 
penetrating through the mangrove to low water level. Other halophytes, such 
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as Samolus repens and Spergularia rubra had begun to spread over locally 
elevated patches. 

At the present day there are but few species represented on this saltmarsh 
in comparison with the marshes of Port Jackson and George’s River. 

The plants recorded are :— 

1. SALICORNIETUM. 

Salicornia australis. 

Samolus repens. 

Sporobolus virginicus, 

Suaeda australis. (few isolated plants). 
Spergularia rubra. (few isolated plants). 

2. JUNCETUM. 

Juncus maritimus, with occasional patches of Casuarina glauca. 

Juncus maritimus does not oeeupy the landward fringe only, but shows 
encroachment upon the Salicornietum. Bands of Juncus have traversed the 
saltmarsh to the outer fringe of mangrove in places (Text-fig. 11; also Pl. xxxi., 
Photo 14). 

Tt is in this invasion by Juncus of Salicornictum perhaps, that we ean 
partly aeeount for the paucity of species in the latter. It seems likely that 
the rate of raising of the level of the marsh is greater than that of estabhsh- 
ment ot species. The remarkable diminution in number of plants of Suaeda 
australis is doubtless owing to unfavourable conditions for establishment of seed- 
lings. Also the formation of extensive meadow-hke areas of Samolus repens 
(Pl. xxx., Photo 11) within the Salicornictum, is apparently helping to make 
conditions unfavourable for the establishment of other species on aceount of 
its elose mat-like growth. 

In this marsh there has been a hurrying over certain developmental phases, 
co that it is impossible to recognise any transitory groupings or associes within 
the associations. 

Thus, in certain important features, the tidal marsh at Cabbage Tree Creek 
differs from the typical marshes of Port Jackson and Botany Bay. Here, 
owing to special conditions, one plant formation has been imposed npon another, 
and, within the second formation, one association (Juneetum) has invaded and 
arrested the development of the other (Saheornietnm). 


GENERAL DISCUSSION. 


The subsidence of a coastal region of youthful topography and the subse- 
quent drowning of river valleys, has been, in part, responsible for the com- 
paratively restricted nature of the tidal marshes in the neighbourhood of Sydney. 
The absence of any large, delta-formine rivers, has resulted in the limitation of 
saltmarsh to the silted hays and creeks found in the arms of drowned river 
valleys snch as Port Jackson, Botany Bay and Port Haeking. These stations 
are always sheltered from the open sea and consequently the part played hy 
certain Algae in their consolidation is not so important as is the case in certain 
British saltmarshes (Carey and Oliver, 1918, p. 170). Although the writer 
has made no attempt to deal with the algal vegetation of the saltmarshes near 
Sydney, it might not he out of place to record the oeenrrenee of species of 
Cladophora, Ulva and Enteromorpha, the first of which is apparently not re- 
presented on the British saltmarshes (Carey and Oliver, 1918, p. 267). Leaves 
of the grass-wrack Zostera, washed up by tides, probably play a more important 
part in New South Wales in helping to consolidate and in adding organie 
matter to the mud. In the pioneer phases, saltmarsh near Sydney resembles 
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British and Easfern American marshes only in so far as some species of 
Salicornia is the first coloniser and is followed closely by Suaeda. 

The British (Carey and Oliver, Howarth, Newman and Walworth, Yapp, 
ete.), Danish (Warming), French (Hill, Oliver) and American marshes (Ganong, 
Harshberger, Johnson and York) are characterised by the extensive develop- 
ment of grasses whch enter inte competition with other halophytes at an early 
stage. In eertain Welsh marshes. c.g. on the Dovey Flats, the grass Glyceria 
maritima otten replaces Salicornia as the pioneer coloniser. Glyceria maritima 
together with the grasses Festuca rubra, Lepturus filiformis, and .tgrostis alba, 
and certain shrubby perenmal halophytes, forms a eompact turf which becomes 
of economic value for grazing (Yapp. ete. 1917, p. 72). On the American 
marshes the tall grass Spartina giabru (stricta) occupies the ontermost fringe 
of the mud (Ganong, 1903. Johnson and York, 1915). ln the marshes near 
Sydney, grasses do not play so important a part. They do not appear until 
a late stage in development and then are otten represented by onty one speeies— 
Sporobolus virginicus. Other grasses do occur with Sporobolus, however, the 
most important being Zoysia pungens and Cynodon duetylon. Hamilton re- 
cords the oceurrenee of species of Depturus and Calumugrostis (1919, p. 485) 
but does not make it clear as to whether these are to be regarded as true salt- 
marsh grasses. 

The grass Festuca rubra appears to be a eonsistent feature of the British 
saltmarshes (Howarth, 1920; Newman and Walworth, 1919). From a eom- 
parative table given by Howarth to show zonation of vegetation on varions 
British marshes, it is seen that while Festuca rubra or one of its sub-varieties is 
always present, its position in relation to the plant associations of the marsh 
varies for differenf localities. It is either entirely inside the limits of Juneetum, 
forming an association of ifs own. e.g. the Festneetum of the Dovey Flats 
(Yapp, ete. 1917, pp. 69-70) or it occurs as a eo-dominant wifh Juncus at 
Holme-next-the-sea (Howarth. 1920, p. 221) or it plays an unimportant role 
on the ontermost fringe of -funcetum (Tansley, 1911). The work of Newman 
and Walworth on the South Lincolnshire coast, indieates the presence of Festuca 
rubra amongst the marsh halophytes and even forming a special Festuca-Sali- 
cornia Zone (1919, p. 208). 

Festuca rubra does nof actnally occur on the Sydney saltmarshes, buf is 
generally found on the higher slopes immediately outside the limits of Junce- 
tum. It occurs with non-haloplivtes such as species of Plantago, Trifolium, Brisa, 
and others in a region higher than Warming's “higher littoral meadow” (1909, 
p. 231). With inereasing age and with elevation of surface level. it is possible 
that Festuca and other grasses may vet play an important rele on the Sydney 
salt marshes. 

The depressions known as pans, which are sneh a constant feature of the 
svitish marshes (Carey and Oliver, 1918; Yapp. efe. 1917) are not found 
near Sydney. This may doubtless be aeeounted for in the comparative youth 
of the tidal fais near Sydney. There arc shallow bare depressions however, 
in whieh water remains for some fime after the tides have receded. These more 
eloscly resemble the salt marsh pools deseribed by Harshberger (1916) for the 
New Jersey eoast. 

SUMMARY. 


1. Physiographie features of the coast in fhe neighbourhood of Sydney are 
briefly dealf with in relation to the formation of sheltered tidal flats. 

2, The {wo plant formafions of these tidal flafs are diseussed and an account 
of fheir developmental phases given. 
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3. The first and outermost is mangrove formation characterised by two species, 
Avicennia officinalis and Aegiceras majus. 

4. . The second, inner formation is saltmarsh, in which two associations are 
recognised, (a) Salicornietum, (b) Juncetum. 

5. Developmental groups or assoeies ot Salicornietum are often found in zoned 
arrangement according to slight differences in level. 

G. With aceretion and attainment of uniform surface level, these associes mingle 

to find ultimate expression in mature Salieornia association. 

Special conditions at Cabbage Tree Creek, Port Haeking, are described. 

Here, drift sand bas been raising the level of the marsh for some vears and 

has brought about the imposing of one ftermation upon another. At the 

present day the marginal association of the saltmarsh—Juncetum—is invad- 

ing Saheormetum, which consequently shows signs of arrested development. 

S. The oeeurrence of a dwarf-form of Avicennia officinalis is recorded for 
Cabbage Tree Creek, Port Haeking. 

9, In a general discussion and table the vegetation of the tidal flats near 
Sydney is compared with those of Great Britain and other countries. 


~ 
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Plate xxvi. 


Photo 1. Mangrove formation (Avicennia) at high tide. Middle Harbour, Port 
Jackson. 
, 3 Close view of Avicennia officinalis showing pneumatophores. Middle 
Harbour, Port Jackson. 


Plate xxvii. 


Photo 2. Interior of Mangrove formation at Port Hacking, showing distorted 
branches of Avicennia officinalis and pneumatophores. 
» 4. Cabbage Tree Creek, Port Hacking showing extensive development of 
Aegiceras majus on inner limits of Mangrove formation. Ground 
vegetation of Salicornia and Samolus beneath mangrove. 


Plate xxviii. 


Photo 5. Aegiceras majus Port Hacking. Pneumatophores have arisen from a 
neighbouring Avicennia. 
„ 6. Aegiceras majus with cluster of viviparous fruits. 
7. Junction of Sporobolus-Cynodon <Associes and  Salicornia-Samolus 
Associes within Salicornietum at Middle Harbour, Port Jackson. 
Note: Samolus replaces Spergularia in this region as co-dominant with 
Salicornia. 
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Photo S. 


Photo 11. 


Photo 12. 


Photo 13. 


Photo 15. 
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Plate xxix. 

Avicennia officinalis (tree) and low bushes of «legiceras majus near 
mouth of Cabbage Tree Creek, Port Hacking. Note horizontal roots 
bearing pneumatophores uncovered by action of tides. Outskirts of 
encroaching sand are seen to the left. 

Avicennia officinalis and Aegiceras majus being buried in drift sand. 
Dwarf Avicennia in right middle distance. Cabbage Tree Creek, Port 
Hacking. 


Plate xxx. 


Group of old trees of Avicennia officinalis near mouth of Cabbage Tree 
Creek, Port Hacking. Note pneumatophores and dwarf Avicennia be- 
neath trees. Foreground occupied by sward of Samolus repens with a 


few clumps of Juncus maritimus Right foreground shows bush of 
Aegiceras majus. 


Dwart-growth of Avicennia officinalis. Samolus repens in foreground. 
g & 
Plate xxvi. 


Juncetum (Juncus maritimus) with group of young Casuarina glauca 
advancing upon Salicornietum at Cabbage Tree Creek, Port Hacking. 
Band of Juncus maritimus passing through Salicornietum to inner 
limits of mangrove. 


Avicennia officinalis on right foreground and regular line of «fev zceras 
majus in middle distance. 


Plate xxxii. 


Juncetum with old decaying trunks of Casuarina glauca at Cabbage 
Tree Creek. Mangrove “inlier” in right background. 

Mangrove “inler” Avtcennia at Cabbage Tree Creek, Port Hacking. 
Ground vegetation of Salicornia, Samolus and Sporobolus. 


